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The Effects of Diacylglycerol on POPC/POPS Lipid Membranes
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Texas Tech University, Lubbock, TX, USA.
Diacylglycerols (DAGs) are important second messengers in biomembranes,
and their detail interactions with other lipids are still not well understood.
In this study, four independent atomistic molecular dynamics (MD)
simulations were performed to systematically investigate the interactions of
1-palmitoyl-2-oleoyl-sn-glycerol (POG) with 1-palmitoyl-2-oleoyl-sn-glyc-
ero-3-phosphocholine (POPC) and 1-palmitoyl-2-oleoyl-sn-glycero-3-phos-
pho-L-serine (POPS). POG concentration varied from 0 to 25% (i.e. 0%,
6.25%, 12.5%, and 25%), and the ratio of POPC/POPS was kept at 4/1.
Our results show that POG decreases the area per lipid and the average dis-
tances between the acyl chains of POPC, POPS, and POG. In addition, POG
increases the bilayer thickness and the acyl chain order of lipids. Our 2D ra-
dial distribution functions show that the spacing between phospholipid head-
groups increases as POG concentration increases. This increase is due to the
interposition of small-headgroup POGs between large-headgroup phospho-
lipids. Furthermore, the number density profiles show that the headgroups
of POPC and POPS expand laterally at the bilayer-aqueous interface to cover
POGs. This expansion avoids the otherwise unfavorable exposure of hydro-
phobic part of POG to water. Finally, POG also drastically slows down the
lateral diffusion of phospholipids. This study shows that POG, in many as-
pects similar to cholesterol, has a major effect on the biophysical properties
of POPC/POPS lipid membranes.
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Most, if not all natural membranes are asymmetrically composed with respect
to their lipids. However, the knowledge on the influence of the two leaflets on
each other is rather limited. It is known that the fluidity of a cell membrane is
important for its function and a fluid membrane is favourable.
The possibility to prepare asymmetric vesicles gives a new approach to study
the interaction of the two monolayers in membranes. To get certain results
we used three different reconstitution systems for asymmetric bilayers - solid
supported LB-films, planar lipid bilayers, and asymmetric vesicles - and ap-
plied various biophysical techniques to investigate the phase behaviour of
the mono- and bilayers.
Because the most prominent example for an asymmetric membrane is the outer
membrane of Gram-negative bacteria which outer leaflet consists of lipopoly-
sacchrides (LPS) and the inner leaflet of phospholipids, these components were
in the focus of this study. But there were also different types of phospholipids
used to confirm the findings of the experiments with LPS. Surprisingly, LPS
have phase transition temperatures between 35C and 50C depending also
on the buffer. In asymmetric bilayer the phase transition temperature is shifted
to lower tmperatures which makes it more fluidic. This shift takes place only in
asymmetric and not in symmetric bilayer. We demonstrate that the two leaflets
strongly influences the phase behaviour of each other and thus a bilayer is not
just the sum of the two monolayers.
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Fluorescent lipid analogs have become widely used tools for investigating
properties of both model and cell membranes. However, these probes are
inherently extrinsic to the systems of interest and must be carefully studied
to ensure that they do not affect the very membrane properties which they
are being used to measure. Molecular Dynamics (MD) simulations are
therefore a useful way to study these systems, providing information on
the effects of probe addition with atomic resolution. Through MD, we
have previously shown that the insertion of DiI probes into a DPPC mem-
brane causes local disordering of the bilayer, a property which can be erro-
neously characterized when analyzing order as an ensemble average.
Furthermore, we have seen that simulation box sizes in MD can produceartifacts in the data since the periodic boundary conditions introduce an ar-
tificial correlation between lipids. We have thus conducted further MD sim-
ulations to investigate perturbations of a DPPC membrane from the addition
of a variety of fluorescent lipid analogs, with a focus on distance depen-
dence and simulation size.435-Pos Board B221
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Lipid bilayers composed of POPC and POPE usually stay as 1-phase mixtures
at room temperature, with or without incorporation of modest amount of cho-
lesterol. However, at the maximum solubility limit of cholesterol, possibility of
domain formation has been suggested based on the detail molecular packing
patterns of phospholipids with cholesterol. The maximum solubility of choles-
terol in a lipid bilayer is the highest mole fraction of cholesterol that can be in-
corporated into a lipid bilayer before cholesterol crystals precipitate.
Previously, the maximum solubility of cholesterol in mixtures of POPC/
POPE lipid bilayers has been measured using a cholesterol oxidase (COD) re-
action rate assay. The maximum solubility of cholesterol was determined to be
67 mol % in POPC bilayers and 50 mol % in POPE bilayers. In mixtures of
POPE/POPC, the maximum solubility of cholesterol increases linearly as
a function of the ratio POPC/(POPEþPOPC). In this study, planar lipid bilayers
of POPC and POPE at their cholesterol solubility limits were incubated on mica
surfaces inside hydrated chambers. Although the bilayers appeared having uni-
form fluorescence intensity initially, we found that large lipid domains became
visible by fluorescence microscopy after several days of incubation. Previously,
it has been suggested that cholesterol may form a ‘‘hexagonal’’ regular distri-
bution pattern at the maximum solubility limit in POPE bilayers and a ‘‘maze’’
pattern at the maximum solubility in POPC bilayers. Thus, it is possible that the
lipid mixtures separated into POPC-rich and POPE-rich lipid domains, each
having their signature lipid packing pattern and mole fraction of cholesterol.436-Pos Board B222
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Alzheimer’s disease is a progressive neurodegenerative disease associated
with amyloid fibril formation in the brain. The exact molecular mechanism
of amyloid fibril formation and toxicity is not well understood, which delays
development of novel and effective approaches to prevent and treat the dis-
ease. Some studies show that hormone ‘‘melatonin’’, which regulates and
maintains the body’s circadian rhythm, may counteract the effects of amyloid
toxicity, most likely as a radical scavenger. In addition, melatonin may have
effects on the membrane surface perturbation by amyloid-beta in its initial
stages of aggregation. Thus, we investigated the molecular interaction be-
tween early stage amyloid-beta aggregates on the lipid membrane, and the
effects of melatonin in ensemble. We used Atomic Force Microscopy
(AFM) imaging and AFM-based force spectroscopy in discovering melato-
nin’s affects on the aggregation of amyloid-beta on the lipid bilayer mem-
brane surface. The results show that melatonin may decreased the
aggregate formation on the lipid membrane surface and also alter the posi-
tioning of amyloid-beta aggregates within the lipid bilayer. We suggest
that melatonin changes in the interaction between small aggregates of
amyloid-beta and the lipid bilayer, and this effect may be an important aspect
in its protective effects.437-Pos Board B223
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